Abstract-An overmoded photonic crystal resonant cavity with two dimensional dielectric lattice structures is proposed and simulated. The dominant mode is a higher-order TM 03 -like at the frequency of 31.14 GHz, the fundamental mode and most other modes are not supported by the cavity. The structure would be potential for application in accelerator, gyrotron and klystron in Ka-band.
The photonic crystal is attracting much attention, because it has photonic band gaps (PBG) where no propagating electromagnetic mode exists, and when a defect mode is introduced in a photonic crystal, local electromagnetic modes (defect modes) arise within the forbidden band gap, which acts as a high-Q cavity for such local modes [1] . A photonic crystal cavity utilizing a defect mode (TE 041 -like mode) in a periodically distributed metal lattice was reported for a 140 GHz gyrotron oscillator [2] . The 17 GHz mental photonic crystal cavity which supports a TE 010 -like mode and is applied to accelerator was proposed [3] , the cold tests for metallic cavities at X-and Ka-bands were analyzed [4, 5] , a dielectric photonic crystal cavity where TM 02 -like mode at 17 GHz frequency is confined has been studied through theory and simulation [6] . To improve the power capacity of high-power microwave devices, an overmoded resonant cavity should be used and the unwanted oscillation would be suppressed [2] .
In this paper, we design a potential overmoded photonic crystal resonant cavity with two dimensional dielectric structure instead of metallic lattice one, because the fundamental mode TM 01 must exist in the photonic band gap (PBG) of mental photonic crystal, a dielectric cavity could avoid this problem. Since the arrays of square dielectric rods provide poor azimuthal symmetry [4] , the triangular arrays lattice is considered in the structure. Figure 1 (a) depicts a two dimensional triangular lattice of a photonic crystal, where the rod radius is r and lattice constant is a. Fig. 1(b) depicts the reciprocal lattice in the wave vector k-plane. The hexagon in the k-plane is the first Brillouin zone of the lattice. The shaded triangle in Fig. 1(b) covers the meaningful values of k-vector at which waves propagating in the lattice should be calculated. To design a valuable photonic cavity, one of the most important problems is to calculate the PBG. Several methods have been formed. The plane wave expansion method, the finite different time domain scheme, the transfer matrix method, and so on. In this paper, the plane wave expansion method by MATLAB software is used to calculate the PBG (Fig. 2(a) ). The transmittance of the photonic crystal is presented in Fig. 2(b) , which is simulated by CST software. The dispersion diagram indicates the frequencies of the waves propagating in the lattice while the k-vector on the reciprocal lattice varies from Γ-point to J-point, from J-point to X-point, and back to Γ-point. The dispersion diagram plots the normalized frequency ωa/2πc, where a is the lattice constant and c is the speed of light. The diagram is calculated when r/a equals to 0.38 and a is 3.8 mm. The rods are the dielectric with dielectric constant ε = 3.4. The first gap and the second gap are marked by yellow shades. The first gap frequency is between 29.26 GHz and 33.53 GHz in which no waves can propagate, and the second PBG frequency is from 53.13 to 57.36 GHz, which is accordant to the transmittance in Fig. 2(b) .
PBG AND TRANSMITTANCE IN TRIANGULAR LATTICE OF DIELECTRIC RODS
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DESIGN OF PBG CAVITY
The photonic crystal cavity is formed by 180 rods in all with central 37 rods removed. The length of the cavity is chosen to be one second wavelength of the operating frequency (31.14 GHz) in order to optimize the efficiency. The High Frequency Structure Simulator (HFSS), a three dimension electromagnetic code is used to model the cavity. Through simulation, a well-confined TM 03 -like mode at frequency of 31.14 GHz is found (Fig. 3(a) ). The Q-factor calculated for dielectric loss tangent of 10 −4 is 28499. In the first PBG, the fundamental mode TM 01 mode is forbidden, but TM 21 -like mode and TM 32 -like mode at 30.9 GHz and 33 GHz respectively appear, but they are less dangerous to the TM 03 mode than the dipole modes, and their Q-factor are much lower than TM 03 -like mode. In the second PBG, a mode at the frequency of 53 GHz exist, it can't be easily excited in actual work state.
CONCLUSION
A defect in a photonic crystal would serve as an effective resonant cavity, it would only trap light in a very narrow frequency band and would hardly suffer any losses with high quality factor, In this paper, a 31.14 GHz photonic crystal cavity made of triangular dielectric rods has been designed with HFSS, it is demonstrated that the overmoded structure has a high Q-factor (28449), and the fundamental mode and most of other modes are forbidden, which is advantageous for application in accelerator, gyrotron and klystron in Ka-band.
